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The Highline Marine Science and Technology Center (MaST) is the
marine biology and aquarium facility of Highline College in Des Moines,
Washington, located on the South-Central Puget Sound. Dedicated to
expanding knowledge about Puget Sound, a central mission of the MaST
Center is fostering a culture of marine stewardship by engaging the
community through interactive learning, personal relations and
exploration.
It has been well documented that the aetiological source of
Yersiniosis is the bacteria Yersinia ruckeri, and has been a major source
of economic loss and salmonid fry mortality since its isolation in rainbow
trout (Oncorhynchus mykiss) in the 1950s (Ross et al. 1966). The
pathogen Y. ruckeri, a Gram-negative, facultative anaerobe member of
the family Enterobacteriaceae has had a global impact on salmonid
fisheries and aquaculture (Tobback et al. 2007).
Outbreaks are often the most fatal in fry and fingerlings, beginning
slowly causing substantial losses over time, but can continue as a
chronic condition in older fish (Tobback et al. 2007). External symptoms
often include loss of appetite, lethargy, loss of buoyancy control,
darkening of the skin, scale loss, exophthalmia, hemorrhaging and
ulceration in the fins and surrounding tissue. Internal hemorrhaging and
kidney failure is also common (Tobback et al. 2007, Noga 2010).
Although aquacultured salmonid species are most commonly
associated with Yersiniosis, it has been documented in non-salmonid
species such as sturgeon and sole via inoculation (Vigneulle 1981).
Symptoms of Yersiniosis were first observed at the MaST in June
2016 in yellowtail rockfish (Sebastes flavidus) during gas
supersaturation. Initial symptoms including lack of appetite and
discoloration, and dermal emboli were believed to be gas saturation
related, however; multiple symptoms are analogous with Yersiniosis. The
emboli were treated via column degassers, but fish continued to lose
appetite, and darken in color after water conditions stabilized.
Symptoms increased in severity, and kelp greenlings (Hexagrammos
decagrammus) sharing the aquarium showed identical symptoms.
Subsequently, aquacultured Chinook salmon (Oncorhynchus tshawytscha)
mortalities began to rapidly rise with similar symptoms. The similarity of
manifestations lead to the suspicion of Yersiniosis.
The objective of this study was to determine the presence of Y.
ruckeri in yellowtail rockfish and kelp greenling as well as salmonid to
non-salmonid virulence, has no prior documentation.
Introduction
All thirteen Sebastes flavidus individuals displayed very similar
symptoms, with seven dying of the condition, and six being euthanized
after antibiotic treatment proved ineffective. Rockfish displayed lack of
appetite and darkening of the skin for one week before progressing into
scale-loss, fin necrosis and ulceration, exophthalmia, and loss of buoyancy
over approximately six weeks (Fig 1 and 2).
Two Hexagrammos decagrammus displayed identical symptoms of
Yersiniosis, with the female digressing far more quickly than the male, and
was subsequently euthanized and sampled around 72 hours after initial
symptoms.
Approximately 73% of Oncorhynchus tshawytscha fry rapidly
developed symptoms, many of which succumbed to the disease between
24-48 hours (Table 1). Fry that survived the outbreak were later culled as
they were suspected carriers.
Results
Positive identification and determination of the biotype and
serotype of the isolated Yersinia ruckeri colonies were based on
phenotypical characteristics on ROD agar, Coomasie blue agar, and
motility as well as pathological symptoms in infected individuals (Noga
2010). Motility tests concluded that the Y. ruckeri belongs to biotype 1,
as biotype 2 is non-motile. Yellow colonies from the ROD plates with
zones of precipitation surrounding colonies are indicative of the biotype
1, and serotype O1 or O4. Coomasie blue colonies were light blue with
pale centers as well as zones of precipitation indicating the presence of
the heat-sensitive factor (HSF), which is only found in the O1 serotype.
This confirmed the virulence of the pathogen; as only serotype O1 is
HSF+ and virulent.
Yersinia ruckeri is notorious for being difficult to isolate, and this
factor likely contributed to the low isolation rate of the bacteria in
cultures. Due to the bacteria’s ability to be facultatively anaerobic,
euryhaline, and survive for months in sediment (Noga 2010); cross
contamination between environments is of especially high concern now
that populations beyond salmonids have been shown to be susceptible.
Environmental stressors have a high probability of increasing the
infection rate and severity of Y. ruckeri. Husbandry observations of
yellowtail rockfish in captivity suggest the species may be more prone to
stress related illnesses, and the presence of gas supersaturation may
have led to their uptake of the bacteria. However, other environmental
stressors, such as water quality, parasites, and other diseases that may
increase the susceptibility of wild populations has yet to be studied.
It is noteworthy that other species sharing the tank that were
exposed to gas supersaturation, such as a wolf eel (Anarrhichthys
ocellatus), red Irish lords (Hemilepidotus hemilepidotus), as well as
other species of rockfish (S. nebulosus and S. ruberrimus) did not
develop symptoms of Yersiniosis. While the male kelp greenling survived,
it is unclear if antibiotic treatment played any role in the overall
improvement of its condition, or if it was able to fight the infection
unaided.
The isolation of Y. ruckeri, specifically biotype 1 serotype O1, iss
particularly concerning as it demonstrates potential transference of the
pathogen from cultured salmonids to wild populations, including non-
salmonid fish populations. Further studies investigating prevalence of
carriers in released salmonids and range overlap of native species will
further clarify the implications and risks of Yersinia infection.
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Identification of Y. ruckeri was based on clinical signs in yellowtail
rockfish (n=13), kelp greenlings (n=2), and aquacultured Chinook salmon
(n=150) as well as phenotypic characteristics as described in Carson and
Wilson (2009). Fish displaying severe symptoms were euthanized and
chilled for 20 minutes. Samples were taken aseptically from the kidney
and retrobulbar region of the eyes, plated onto MacConkey agar (MAC),
and incubated at 25°C for 48 hours. Subcultures were enumerated on
tryptic soy agar (TSA) for purity. Subculturing onto Coomassie blue TSA
agar was used to determine the presence of the virulence-associated,
heat-sensitive factor (HSF), as well as ribose ornithine deoxycholate
(ROD) agar, a selective media for differentiating Y. ruckeri strains.
Cultures were incubated at 25° C for 48 hours, 24 hours, and 96 hours,
respectively. Light microscopy and Gram stains were utilized to
determine cell morphology. Additionally, motility tests at 25° C and 37°
C were conducted to categorize biotype, and to distinguish sample
identity from similar Enterobacteriaceae species (Carson & Wilson 2009).
Methods
Fig 1: Sebastes flavidus displaying severe scale loss and fin necrosis. Fig 2: Sebastes flavidus with severe exophthalmia, scale loss and fin necrosis. 
Fig 1: Hexogrammos decagrammus with severe skin darkening, moderate scale 
loss, fin degradation, and moderate hemorrhaging. 
Fig 4: Oncorhynchus tshawytscha with minor fin degradation, scale loss, and 
hemorrhaging. 
Species Tissue ROD HSF Motility 25° C
Motility 
37° C
Sebastes flavidus
Eye + + + -
Kidney - - + -
Oncorhynchus tshawytscha
Eye - + + -
Kidney - Incl. + -
Hexagrammos decagrammus
Eye + + + -
Kidney - - + -
Yersinia ruckerii N/A + +/- + -
Species Total Sampled Mortality 
Sebastes flavidus 13 6 100% (46% via euthanasia)
Oncorhynchus tshawytscha 150 5 73%
Hexagrammos decagrammus 2 1 50% via euthanasia
Table 2. ROD + indicates successful ribose fermentation, HSF+ indicates presence of Heat-sensitive factor. While Y. ruckeri can be HSF+ or -, HSF+ is indicative of 
the virulent O1 serotype.  Biotype 1 of Y. ruckeri are motile at 25° C, but lose this ability at 37° C, while biotype 2 is non-motile at any temperature.  
Table 1. Total number of each species affected, number of sampled individuals, and mortality via Yersiniosis as well as euthanasia.   
Definitive Yersinia ruckeri morphology was seen on one sample from
both S. flavidus and H. decagrammus, both from retrobulbar samples.
These cultures incubated on ribose ornithine deoxycholate (ROD) agar
successfully fermented ribose sugar; manifesting as yellow colonies with
zones of surrounding precipitation and a distinctive musty odor. Coomassie
blue agar grew blue colonies with pale centers with zones of surrounding
precipitation. Light microscopy results yielded gram-negative, coccoid-rod
cells 1-3 µm in length.
Oncorhynchus tshawytscha samples, as well as other S. flavidus and
H. decagrammus kidney samples, yielded similar results, but were
ultimately inconclusive. All samples tested positive for motility at 25° C
and negative at 37° C (Table 2).
